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SUMMARY 
A collection of-trajectory and spacecraft data are presented for relatively­
difficult unmanned mission to selected solar system targets using optimally and sub­
optimally powered solar electric propulsion. Data are presented for .1 and .05 AU 
indirect solar probes, for 450 and 600 unit-sphere extra-ecliptic missions, and for 
rendezvous missions to the asteroid Ceres and the comets D'Arrest and Encke. Ceres, 
D'Arrest, and Encke are assumed to move in fixed elliptical orbits in three dimensions. 
Fully optimized trajectory data are given for all missions, using the two launch 
vehicles Titan III D(1205)/Centaur and Titan III B(core)/Centaur. Trajectory data 
assuming suboptimally-powered spacecraft are given for solar probe and extra­
ecliptic missions. A constant jet exhaust speed solar electric propulsion system 
having a specific mass of 25, 30, or 35 kg/kw is optimized to yield maximum net 
spacecraft mass. The departure hyperbolic excess speed is optimized, and the ren­
dezvous missions are accomplished by means of low thrust propulsion. 
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INTRODUCTION 
This report presents solar electric trajectory and ,performance data for extra­
ecliptic and solar probes and for rendezvous missionsto'the-asterdid Ceres and the 
comets D'Arrest and Encke. Closely related solar electric -nission data have been 
presented previously (References *1 and 2) in a similar format'for -missionsto the 
planets. The missions investigated in this report extend the :pre viougly generated 
data to include additional solar system -targets whiich are generally considered to be 
more difficuilt to reach-than most of the planets. 
Miss ions, Investigated 
-Data were generated for the following selected missions: 
(1) Solar probes - Mode B flyby missions todistances from the sun's 
6bnter of 0.1 and 0.05 AU. (Mode B missions are the indirect missions taking
I 
approximately 12 revolutions around the sun, as dethned in Ref. 1.) 
(2) Extra-ecliptic probes - Missions for',which the -spacecraft attains final 
orbits having inclinations to the ecliptic of 450 and 600. The final orbits 
are constrained to be circular with radii of I'AU. Two.apparently distinct 
types of trajectory solutions became evident during the-generation of the data, 
and these are termed 4-burn and 5-burn trajectories, -since they are distinguished 
by the number of discrete burns performed by the solar--electric propulsion 
system. 
(3) Ceres rendezvous - Missions to the asteroid Ceres:,having launch dates in 
1976 and 1-979 and in which rendezvous is accomplished !bythe low-thrust pro­
pulsion system. (The term "rendezvous" throughout this report is taken to 
meanthat the spacecraft's and target's positions and velocities are identical 
at the final time.) Mode A rendezvous missions are presented. 
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(4) D'Arrest .rendezvous - Missions to the comet D'Arrest having launch dates 
in the year 1980 and in which rendezvous with the comet is accomplished by 
the low-thrust propulsion system when the comet is at perihelion (September 
17, 1982) and 50 days before perihelion. 
(5) Eneke rendezvous - Missions to the comet Encke having launch dates in 
the year 1979 and in which rendezvous with the comet is accomplished by the 
low-thrust propulsion system when the comet is at perihelion (December 6, 
1980) and 50 days before perihelion. 
All missions are one-way missions launched from the Earth by either the Titan III 
D(1205)/Centaur or the Titan III B(core)/Centaur launch vehicle. Data are presented 
as functions of flight time for all missions and also as functions of the solar-electric 
propulsion system's reference power (i. e., the electrical power to the thrust subsystem 
at one AU from the sun) for the solar and extra-ecliptic probe missions. Data are pre­
sented for propulsion system specific masses of 25, 30, and 35 kg/kw. (The propul­
sion system components are defined in the Spacecraft Model section of Reference 1.) 
Spacecraft and Mission Parameters Presented 
The quantities chosen for presentation consist of the initial and net spacecraft 
masses, the electric propulsion system and propellant masses, the maximum and 
reference power levels, the thrust and jet exhaust speed, and the propulsion system 
total operating time. Also presented are the minimum and maximum solar distances, 
the heliocentric travel angle, the launch hyperbolic excess speed, the launch date (for 
Ceres, D'Arrest, and Encke missions), and the initial Lagrange multipliers. 
Method of Data Generation and Presentation 
The software tool which generated the numerical results of this report is 
called HILTOP (previously called TOPCAT in References 1 and 2) and has recently 
been documented in Reference 3. HILTOP is a newer version of the original TOPCAT 
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program and is available upon request from NASA. Selected pataneters defining 
each optimal trajectory are punched on cards by HILTOP, and these cards are sub­
sequently fed into the data-management and electronic-plotter coniputer program 
ADMAP, whidh sorts and condenses the data before reading it onto magnetic tape. 
ADMAP is described in Reference 4. The magnetic data tape generated for this 
report contains approximately 740 trajectory-summaries for the five basic types of 
missions described above. The data tape is then input to ADMAP, which electronically 
(SC 4020) plots -any desited subset of the data 'inthe format of this report. 
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BASIC ASSUMPTIONS 
The basic assumptions involved in the generation of this data are identical 
to those used in References 1 and 2 except for the differences noted in the following 
paragraphs.
 
Solar System Model 
All missions investigated involve three-dimensional (3D) trajectories except 
the solar probes, which are comprised of 2D trajectories. Since the solar probe and 
extra-ecliptic missions are essentially independent of Earth launch date, the Earth 
is assumed to be in a 1 AU circular orbit with launch occurring on thepositive x-axis 
while the Earth is moving in the y-direction for these missions. Missions to Ceres, 
D'Arrest, and Encke are highly-dependent upon Earth launch date, and therefore an 
accurate Earth ephemeris is used for these missions, as described in Reference 3. 
Ceres, DtArrest, and Encke are assumed to be in fixed elliptical orbits, as specified 
in Table I. In reality, several of the orbital parameters of these objects are perturbed 
by the major planets, as noted in Reference 5. Nevertheless, the assumption of fixed 
elliptical orbits for these objects is considered tobe valid; overthie short tinfe. periods 
studied, for the purpose of determining representative spacecraft performance require­
ments. For the Ceres and comet missions, the x-axis Poi ts toward the vernal equinox 
and the z-axis lies along the Earth's angular momentum vector. R-ight-handed coor­
dinate systems are used for all missions. 
Spacecraft Model 
The solar-electric propulsion spacecraft mod4l is defined'in Reference 1. The 
propulsion system is assumed to operate at constant, jet exhaust speed c with a thrust 
2 2 2subsystem efficiency given by fl= bc /(c +d2), where 'b 0.76 ad d= 13. in this 
report. This is a slightly-improved efficiency law compared to the law used'in References 
1 and 2, as depicted in Figure I. The constant jet exhaust speedI c is optimized 
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TABLE I 
ORBITAL CONSTANTS 
a 
e 
i 
t 
p 
Ceres 
2.7675 
0.0759 
10.6070 
80. 5137 
71.8529 
11/19/76 
D'Arrest 
3.4477 
'0.6231 
19.6125 
138. 9825 
176.8475 
9/17/82 
Encke 
2.2180 
0.'8470 
11.9500 
334.1900 
185.9800 
12/6/80 
TABLE II 
LAUNCH VEHICLE 'PAYLOAD COEFFICIENTS 
b b 
1 2 
Titan III D(1205)/Centaur 138726.52 3776. 8656 
b 
3 
1999. 2024 
Titan III B(core)/Centaur 41836. 975 4499.6729 2293.2194 
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for all missions.. The reference power is optimized for all data plotted as a function 
of flight time. 
The solar-'electrib power ratio law, depicted in Figure II, is identical to that 
used in Referefnces 1 and 2, for all missions except solar probes, in which case the 
dashed line in ,igure II is assumed for small solar distances. The dashed line repre­
sents the maxiriium possible (normalized) pbwer which the solar'cell array is capable 
of delivering 16 the thrust subsystem, and thfs maximum power is assumed to be 
achieved throughiit the hear-solar region by tilting the solar-c il array with respect 
to the incident. solit radiatidi so as to maiiitin maximum p6wer. This assumption 
is felt not to be tbitical in determining spadecraft performance r'e4uirements for solar 
probe missions- since The spacecraft spends most of its lime outside of the maximum 
power region ,tidtravels very rapidly through tlie near-solar reg"16n. Therefore, it 
is felt that if tiiA ihdkimum power curve (dashed line in Figure Ii) were replaced by 
some curve feitietenting less-than-maximuifh poWer in the ndbr-s'6lar region, the net 
spacecraft diii99 dnd other performance requit n'6nts for solar ptbbe missions would 
not be greatli bfected. 
As in Regferences 1 and 2, the low-thrust tankage factor is taken to be 0.03. 
The s't df 6befficients b., b and'b 3 which rep2tese'ut 6'1h launch vehicle 
are listed in tabie IL These are defined in Reference 1. The dsgiimption of a planar 
launch vehicle ttfusting maneuver is made for all missions investigated. The oppor­
tunity is takeri h re to indicate an erratum in Reference 1 concefinug the equations which 
describe a lauhbh vehicle. The second term (-VEc) in the equati6h for characteristic 
speed on the bottom of page 7 of that reporl shbiiid be absent. 
Parameters dptimized 
As m6htidned above, the propUlsion system jet exhauat spbd and departure 
hyperbolic excess speed are optimized for all missions (to produce maximum net space­
craft mass), dnd the propulsion system reference power is optiffi±Ud for all missions 
when it is idt ilf-id. The heliocentric travel angle is optimized fdI solar probe and 
7
 
extra-ecliptic missions. For the three-dimensional extra-ecliptic trajectories, the 
travel angle is defined as the limiting sum of a large number of very small travel-angle­
increments associated with subsequent small trajectory-segments. The launch date 
is optimized for Ceres rendezvous missions. It is not possible to optimize the launch 
dates for the comet missions (for a given flight time) because the spacecraft and 
comets were forced to rendezvous at fixed points in the comets' orbits. For a given 
flight time, the travel angle cannot be optimized for the Ceres and comet missions in 
the same sense as it is for the solar probe and extra-ecliptic missions since Ceres 
and the comets move in a deterministic angular relationship with respect to the Earth. 
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PRESENTATION FORMAT 
Order of Presentation 
The datf are presented in graphical form in the following.order: (1) solar 
probes, (2) extra-ecliptic missions, (3) Ceres rendezvous missions, (4) D'Arrest 
rendezvous misions, and (5) Enoke rendezvous missions. The 0.05 AU solar 
probes precede the 0. 1 AU solar probes, the 4-burn extra-ecliptic. missions precede 
the 5-burn extpar.-ecliptic-missions, the 1976 Ceres missions precede the 1979 Ceres 
missions, andthe perihelion rendezvous data precede the pre-perihelion rendezvous 
data for each.of the comet missions. Within this structure, the 'itan III D(1205)/ 
Centaur missions precede the Titan III B(core)/Centaur missions,, and for each launch 
vehicle, data are ordered according to ascending values of proppu ion system specific 
mass. In gene;al , data are presented as functions of flight time for optimally powered 
spacecraft. For solar probe and extra-ecliptic missions, data are presented also as 
functions of sp qecraft reference power for inreasing values, yf fight time. These 
data, represPring sub-optimally powered spacecraft, immediately follow the corres­
ponding data for optimally powered spacecraft, which are preseted as functions of 
flight time., 
Basic Layout 
Each fiure consists of four graphs, with two graphs situated on each of two 
opposing pagasg so that all pertinent information corresponding to a given set of 
missions is qyailable at a glance. Each curve is lettered, the letter-code being given 
at the top pf e h figure. 
The first graph (upper left) presents the mass breakdown of the vehicle, in 
kilograms. This consists of (A) the net spacecraft mass, mqre commonly known as 
payload, (B) the initial spbcecraft mass, which is equivalent o the payload of the 
launch vehiole, (C) the propulsion system mass, and (D) the low-thrust propellant 
mass. 
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The second graph (lower left) presents the parameters which characterize the 
solar-electric propulsion system, and also the maximum power encountered along 
each trajectory and the total power-on time of the solar-electric propulsion system. 
These consist of (F) the propulsion system reference power (power at one astronom­
ical unit from the sun), in kilowatts, (G) the maximum power which is required of 
the solar-electric propulsion system as the spacecraft travels along its trajectory, 
in kilowatts, (H) the solar-electric propulsion system jet exhaust speed, in meters 
per second, (I) the spacecraft thrust at one astronomical unit from the sun, in 
newtons, and (J) the total low-thrust propulsion time, in days. 
The third graph (upper right) presents the basic parameters which characterize 
an interplanetary trajectory. These consist of (K) the maximum distance which the 
spacecraft recedes from the sun, in astronomical units, (L) the closest approach 
which the spacecraft makes to the sun, also in AU, (M) the total angle through which 
the spacecraft travels around the sun from the Earth to its destination,. in degrees, 
(N) the hyperbolic excess speed of the spacecraft at Earth departure, in meters per 
second, and (R) the launch date at Earth, in days referenced from the Julian date 
displayed in the letter-code section at the top of each page. Curve (R) is present 
only for the Ceres and comet missions,' since the solar probe and extra-ecliptic 
missions are assumed to be independent of launch date. 
The fourth graph (lower right) presents the initial Lagrange multipliers which: 
are required to start a given optimum trajectory. Their magnitudes correspond to 
an initial mass-ratio Lagrange multiplier which is normalized to unity. For the 
performance index of maximum net spacecraft mass, the primer has units kilogram­
tau/AU and its derivative has units kilogram/AU, where tau is the normalizing unit 
of time equal to approximately 58. 13244 days. The Lagrange multipliers are expressed 
in a coordinate system as defined in the Solar System Model section. See Reference 1 
for further details concerning the definitions of the Lagrange multipliers and space­
craft parameters. 
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Standardization of Scales 
Due to the wide range of magnitudes ,among the many parameters which ar 
plotted, it was ,deemed necessary to choose standard scales for the ordinates of the 
four graphs. This in turn requires the presence of scaling factors for each curve 
(assumed to be unity when not present), which appear, following a slash (/), with the 
letter-code above each figure. These scaling factors are very easy to interpret; for 
example, if a quantity has an apparent value of 4 and a scaling factor of 1000, then 
its true value is 4 times 1000, or 4000. 
The scale factor selection was performed automatically by the electronic 
plotter computer program ADMAP. The selection algorithm allowed a given curve to 
exceed the upper and lower ordinate bounds of each graph by up to ten percent of the 
respective maximum upper or lower value which may be plotted. Therefore, in a 
few instances, most of a curve may lie, for example, above the gtaph (and hence is 
not plotted), but this unplotted portion of the curve must lie entirely within 110% of its 
maximum plottedvalue, which is usually sufficient information. 
Curve Labelling 
The labelling of each curve with a letter-code was also performed automati­
cally by the electronic-plotter computer program ADMAP and exhibits some wealmesses. 
The possibility of overplotting of letters, which may render them unrecognizable, is 
the basic wealkess of the labelling algorithm. This possibility is due to the absence 
of a "memory" in the automatic-labelling routine. Such a memory was considered 
unnecessary sinqe each curve is tagged with a letter at both endpoints, and the 
probability of a.double-overlap is negligible except for the reference power (F) 
and maximum power (G) curves, which frequently coincide. For these two cur-ves, 
a special, linjted memory prevents the overlap of their cod-letters. 
11
 
DISCUSSION OF NUMERICAL RESULTS 
No attempt is made here to draw conclusions from the data, the basic purpose 
of this report and References 1 and 2 being merely the presentation of data. It is a 
major task to generate basic conclusions with regard to SEP spacecraft design con­
siderations from this report and other published works, and such is beyond the scope 
of this study. A few observations concerning the data are made here, and these are 
in addition to the comments made in References 1 and 2. In the comments which 
follow, a capital letter enclosed in parentheses () refers to the letter-code associated 
with a given plotted quantity. 
For solar probe and extra-ecliptic missions, the x-component of the initial 
primer (U) is apparently equal to the negative y-component of the initial primer 
derivative (Y). This is due solelyto the choice of coordinate systems for these missions, 
and the basic explanation is found in Reference 1. This simple relationship between 
two of the initial Lagrange multipliers is valid for the three-dimensional extra-ecliptic 
missions, which involve six multipliers, because transversality requires the z-com­
ponent of the vector constant of the motion to vanish. The transversality conditions 
associated with the particular class of extra-ecliptic missions investigated here are 
given in Reference 6. In summary, these transversality conditions require that the 
vector constant of the motion be parallel to the line of intersection of the initial and 
final orbit planes, the initial orbit plane being the ecliptic. 
One particular numerical difficulty is extremely troublesome when it arises 
during the generation of a given set of data on the computer. The difficulty arises whei 
an infinitesimal coast phase appears along a trajectory, and all subsequent trajectories 
become locked onto this class of trajectories having a very small coast phase, which 
prevents convergence to the desired optimal solution. The r6ason for this is not clear 
at present. Associated with this phenomenon are the plateaus in the initial Lagrange 
multiplier curves of Figures 1, 7, 13, 31, and 37. Such relatively strange behavior 
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of the boundaryhValue-problem independent variabls may indicate the existence of 
neighboring multiple roots of the transversality functions, as noted on page 14 of 
Reference 1. l{6Wever, no deeper insight iito this problem seefig to be available 
at present. 
For data Which are plotted as functions of spacecraft refirbnce power in both 
this report and Reference 2, the trade-off between high and low htMust propulsion is 
clearly evident iAN the launch excess speed durve (N), which i Ahi'notonically decreas­
ing function of fh6 -reference power. 
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CONCLUDING REMARKS 
This constitutes an annual progress report regarding data generation for the 
five types of high-energy SEP missions considered. As in the case of the data pub­
lished in References 1 and 2. the data published here reside on a single magnetic 
tape, which may be interrogated to obtain answers to many basic questions regarding 
SEP missions. 
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FIG. 6. 	 .05 AU MODE B SOLAR PROBES
 
TITAN III 0(1205]/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/Kw
 
FLIGHT TIME 400 DAYS
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TITAN III D1205)/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 30 KG/KW 
FLIGHT TIME 250 DAYS 
34
 
L 
K 
PimflNIJ &r4*LR 
MIMliUt 
P EL1QCEN4C 
LAUNCI' ECESS 
CIS1ANCE (AU) 
CISIANCE (VU)I1.t'E-2 
tRAVEtL GCL 
SPEED (MtSEC),LCCC 
~ 
U I-CCPCEHT 
V N-C'P$F0NEHI 
IDCJC -C~C4ttcF 
I Y-(CCP$NEl 
CF 
CF 
U 
PRIME;,,.5t-E-, 
FKIlER 
PR1PER tERIN IIVE 
IFP~ER DER,II'VvE,I.GCE-lI 
U) 
>_ 
LIJ 
LI 
Io­
& 
M: 
0 
4--
I-
Cl. 
U) 
of 
M 
-4 
Z 
5 0--------------­
- z 
to 
FIG. 9.. 
is 20 ""25 
REFERENCE POWER CKW) 
CCONCLUDED) 
30 35 
35
 
A NEI $PACE(RAF1 '4AS% tKG011CC F REnEflECE FtUE; ~wl /iC 
INUIIAL SPAQCEC;.r HA S MACII1CCC G HAZIKUH FcI.ER tIwI /it 
C PCPULSICH StIlTEM IASt IKGI/CC p~ J51 £IAusI S~mtECCWsmCC)/ccC$ 
- C PROPELLANT HXSS IKti/lC0C 	 I WIJIIs AT I Alt m) 
I PRCFULSICFJ HIlt (tAYI/ICC 
-) 
0d 
0. 
w 
I-i] 
-LJ 
(n. 
n-. 
o 
z 
to 
FIG. 10. 
Is RD 25 30 
REFERENCE POWER CKW) 
.05 AU MODE B SOLAR PROBES 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 30 KG/KW 
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FIG. 11. .05 AU MODE B SOLAR PROBES
 
TITAN III 0(1205]/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KO/KW
 
FLIGHT TIME 350 DAYS
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FIG. 12. .05 AU MODE B SOLAR PROBES
 
TITAN III OCI205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KGIKW
 
FLIGHT TIME 400 DAYS
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FIG. 13. .05 AU MODE B SOLAR PROBES
 
TITAN III 0C1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35 KG/KW
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FIG. 14.. .05 AU MODE B SOLAR PROBES 
TITAN III OE1205)/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 35 KG/KW 
FLIGHT TIME 200 DAYS 
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FIG. 17. .05 AU MODE B SOLAR PROBES 
TITAN III 0(1205)/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 35 KG/KW 
FLIGHT TIME 350 DAYS 
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FIG. 18. .05 AU MODE B SOLAR PROBES 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 35 KG/KW 
FLIGHT TIME 400 DAYS 
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.FIG. 20. 	 .05 AU MODE B SOLAR PROBES
 
TITAN III BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 400 DAYS
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FIG. 26. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 200 DAYS
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FIG. 27. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 250 DAYS
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FIG. 30. .1 AU MODE B SOLAR PROBES
 
TITAN III D(1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 400 DAYS
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FIG. 34. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III 0C1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KG/KW
 
FLIGHT TIME 300 DAYS
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FIG. 35. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III 0(1205)/CENTAUR LAUNCH VEHICLE,
 
SPECIFIC MASS 30 KG/KW
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TITAN III DC1205)/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 30 KG/KW 
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FIG. 38. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35 KG/KW
 
FLIGHT TIME 200 DAYS
 
92
 
0 
LI 
K IAX1$UH SOLAR OISIAICE (AU)tI.tOEB1 U X-COMPONEMI or PlMER/.OOG-l 
L HIt1NUH SOLAR CISIANCE (AU)hS.1tE-t V Y-COHPONEWI OF PRIHER/1 
H IELIOCENIRIC IRAVEL ANGLE tUEG)tlOQ X XI-CHPQHNET OF FEIMER DERIVAIVE 
N LAUNCH EXCESS SPED (HJSEC)IfJOO I Y-COHPONENI OF PRIIER 0EIVATIVE/I.OGE-t 
1C,- I . . .
 
WK 
&-------------­
w 
. ..... 
0 
UU 
- . X -V-----

2 -______________ 
__________9__ 
REFERENCE POWER CKW)
 
FIJG. 39. (CONCLUDED)
 
A ItI I LA( l tKAI1'IA I K LIAI III t KA Ih 'lI t i I't I I $ I, . 
I tAL .%PAt (RAI 14Afl it 'liILt.I, C. HAAISH Irwi Alt.'kM 	 'M II, . 
P .irciKS IN $ IIt A"tlv, 1 1 1/I.t. l, I t I IxI A tuI tHu I IhII I I 
r 	 PK ~I"ttIL AiN kVASS tIVl ItI II. I I "A u I A I I Au lii1 
I P CPIPI(I -" I li I tCA1I IIr 
Lii 
w 
I0
 
Lii 
Lo mF 
29 
to 	 15 2Oa 5 zo 5S 
REFERENCE POWER CKW]
 
FIG. 39. 	 .1iAU MODE B SOLAR PROBES
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SPECIFIC MASS 35 KGIKW
 
FLIGHT TIME 250 DAYS
 
-------
K MAXIMUM SOLAR CITANCE (AU) U X-COIPONENf CF FRIHEF/I.1CE-1 
S'IIMUH SOLAR DIS1ANCE (AUI/I.Dot- V Y-COhFONENI OF FIMER 
M4 HELIOCEMIRIC IRiAEL ANCLE (eEC,,GC X X-CCNPONENI OF PRIMER CERIVAIIVE 
1' LAU C EXCESS SPEED (H/SECI/IGOD Y l-CCOHPONENTC.F FRIMER, DERVAIVEi1.GOE-1 
1,
 
wu 
w 
z 
I):
o 
w 
W95
 
UI 
w 
(D

z 
IJII , 39____CONCLUDED___ 
is 20_____0__ 
REEENEPOE CW
 
FREERNC
3O9E (COCLUED
 
A 
E 
C 
HNE SPACECRAFT HASS M;1/1G 
INITIAL SPACECRAFT HASS (K4),10flG 
PROPULSIOH SISTER HASS IK )/I5G 
F 
; 
h 
REFERENCE POVER tW/tC 
HAXIsUM POWER CKV)/tO 
JET EXHAUS SPEEC tHSECI/ 'ooG 
t PROPELLANT %ASS It1/11GC I THRUST Al I AU (N) 
4 PROPULSION TIKE (CASIuIOG 
10 
Ul 	 A 
LI 
Lii 
10 
00
 
LI 
I­
of
 
r 4 
FIG. 40. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III OC1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35 KG/KW
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FIG. 42. .1 AU MODE B SOLAR PROBES
 
TITAN III DC12OS)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35 KG/lW
 
FLIGHT TIME 400 DAYS
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FIG. 45. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III BCCOREJ/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 351 DAYS
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FIG. 46. .1 AU MODE B SOLAR PROBES
 
TITAN III BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 400 DAYS
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FIG. 47. 	 .1 AU MODE B SOLAR PROBES
 
TITAN III BECORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KG/KW

FLIGHT TIME 300 DAYS
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FIG. 49. 	 •.1 AU MODE B SOLAR PROBES
 
TITAN III BCCORE)ICENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KG/KW
 
FLIGHT TIME 400 DAYS
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TITAN II BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
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FIG. r9. 45 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
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FIG. 73. 45 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III BCCORE)/CENTAUR LAUNCH VEHICLE
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FIG. 74. 	 45 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KGiKW
 
FLIGHT TIME 600 DAYS
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FIG. 79. 	 45 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III B(CORE]/CENTAUR LAUNCH VEHICLE
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FIG. 82. 	 45 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III DCI2O5)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 600 DAYS
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FIG. 87. 	 45 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
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.FIG.92. 	 45 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN Irl 0(1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35'KG/KW
 
FLIGHT TIME 500 DAYS
 
200
 
K 
t 
H 
N 
PAVIHUH SCLAR CflSTA CE (tAj) 
MIK1HUM SCtAF CISIFI-CE (APi, SCCE-i 
EL1CCENTRIC ]RAVEL AI tE (Q(O/2(C 
LAW.CN £'CE~t tFEEC IStEC)1iCCC 
u 
V 
I 
A 
I 
2 
x-(CXF:N 
I - CCHFP"-N.I 
2-((NFl4(N1 
Y-CCHFC.Nt~u 
-CCHFC EN1 
2-CCHFCHENT 
(F F1E~ 
F F% I PtR 
tr FRIIPEP 
aF FRIPEF 
(P FR IPE 
C.F PRIMER 
( 
ttFIVtIIVE 
CEKIVAllVE'l 
CRVIltI.C­
(CE-1 
EnI N 
----------- H 
iN 
SX 
Lo -
020 
_______ 
A ACT SPACEcri;F1 MSS ct IJICo F fRE$E).cE FC4ER~ iX~1;10 
V INtAL SFtCECRAF1 HASS IAC)/1G0U C MAXIMUM POER KW)/IG 
C PRQPULSICI4 SVSIEMHMASS tKII- ~4 .$ E114&IST SFEEC (HI$EC0t1CCC5 
C PWCPELLANt MASS (tG)/I C 1. TMRUST AT IAU tHI I.CG-I 
3 PROPULSIOH TIME (CAYS)/IO0 
1L­
wcn
C)C 
cr
 
cIt 
ILi 
IO -
A
 
r 8 
r) 
To 15 
n5
152 IS 0 
REFERENCE POWER CKW)
 
FIG. 93. ,45 DGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III.bC1205)/CENTAUR LAUNCH VEHICLE
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FIG. 94. 	 45 DEGREE S-BURN' EXTRA-ECLIPTIC MISSIONS
 
TITAN III 0C12052/CENTAUR LAUNCH VEHICLE
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FIG. 99. 	 45 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III BCCOREJ/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 700 DAYS
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FIG. 99. CCONCLUDEO)
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FIG. 100. 	 45 DEGREE 5-BURN EXTRA-.ECLIPTIC MISSIONS
 
TITAN III BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 30 KG/KW
 
216
 
L 
KIAHIH$CLAR 
IN14J $OLAR 
Ii tKrHCE 
CIS1AMCE 
IAU) 
tAljIItEQE-t 
Ii 
V 
X-COHPONE&1 
V-CGMFP04EIJ 
CF 
Cr 
PRIMER 
PRIMER 
K uiELlO(EIR1C IRAVEL ANCLE (CEC) ,tO! W t-CC'HFKfEHI CF PRIVER 
M LAbUCH EXCESS SP ED (H'SECI,1CtC X-CCI4FCNtNT Cr PRIMER tERIVATIVE 
V '-CGHFOhEHT F FRIMER CERIVA1IVE 
10 Z Z-COHFCNT CF FRIMER CERIVAIVE,.UG3E-l 
HWu 

Lo
 
• 00510O000 O 

FLIGHT TIME CDAYS)
 
FIG. 100. CCONCLLDEOJ
 
217
 
150 
A NET SPACECRAFT MASS IKG)1IG5 F REFERENCE PCIER (KIl IC 
E 
c 
INITIAL SPACECRAFT MASS (XKUlIGG0 
FROPULSIOM SYSTEM MASS (C110G 
c 
N 
MAXIMUM TOQlER txw) #1 
JET EXMAUSr SPEEC (#SZEC)IOGEGD 
0 PROPELLANT KASS (AS) 'too I 
J 
1HROST &I AU (N) #I.UOE-1 
PROPULSION TIME (OAIS)ISED 
L)w 
A--
Ld 
I-
I­
fLi 
LAI 
_J 
FIG. 101. 
ffl 
1 4 
REFERENCE POWER CKW) 
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FLIGHT TIME 600 DAYS 
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FIG. 105. 45 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN Ill BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35 KG/KW
 
FLIGHT TIME 650 DAYS
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FIG. 106. 	 45 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III BCCORE)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 35 KG/KW
 
FLIGHT TIME 700 DAYS
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FIG. 107. 60 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
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FIG. 108. '60 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS 
TITAN III DC12053/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 25 KG/KW 
FLIGHT TIME 500 DAYS 
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FIG. 109. 60 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE
 
.SPECIFICMASS 25 KG/KW
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FIG. 110. 	 60 DEGREE 4-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III DC1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
 
FLIGHT TIME 600 DAYS
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TITAN III DC1205]/CENTAUR LAUNCH VEHICLE 
SPECIFIC MASS 25 KG/KW 
FLIGHT TIME 650 DAYS 
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FIG. 112. 60 DEGREE 5-BURN EXTRA-ECLIPTIC MISSIONS
 
TITAN III O{1205)/CENTAUR LAUNCH VEHICLE
 
SPECIFIC MASS 25 KG/KW
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